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Provision was mde at various positions along the 
two pipes for the insert ion of pressure totos* or the . 
filet Tube* ' ales were drilled through the top of the 
pipe for this parpom ^ and screwed connections wore fixed ■ 
ttaoagla them* ' •the sketch stows the .section of a. screwed 
sleeve* tootedimg m static pressors tube* ■ fee screwed 
sleeves sere told to posit tom. togr loeStog mts wMeh were ■ 
adjusted so. that the smallest -'possible- portion projected 
tote the inside of the pipe* fee .positions store these
 ^ ' a
connections sere placed mlomg the tube are todtosied to  ; 
the figure*
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attached to it* so that it eo&Xd to oosmeeted- at any 
position along the pipa* fee'pilot febs- was a sisBdafd
tostroment mdo to the dtaamsioris - givem to the stoteh* 
tola type la reeoiameiided since it gives a- coefficient

m. w & g of tins jveleelty of; too a i r  ts.05.lm t the walls 
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f  Inches to tli# smaller p ipe* t<M veloett%m; m m  plotted 
IMs ■. and ih@r: ourve ms m  tlmt the
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tubes tiers t  us eomslructed imd f i t te d  to  ilia holler*.: fo 
fa c ili ta te  mecrdins t&e differences of levol cf too : ■ * :
mater . to  tli# llrsbs of I t s  tT- t-utos* & «®t of wesXee imrtod ■
t o  toehe-W mz&  touthe w e ro /fto e d  to the holder*.' '■
, Pulsations to to# s ta tic .. pre.s<iures caused oaelUatl<m8 • 
t o  i b #  :U  tu b e s *  T m m  m o i s  dam ped e „ f  b f  a t t a c h i n g . ... 
serened clip®  to. Wm rubber iuhee connecting the ;preasure.- ; 
tubes t#  the r^ e m te rs * Sot maomoter fo r  the tX id t' 
tub# m r  d iffe re n t from:the etheapt^ ao $».f be.;iee& to th a r  
etoteh* - =fha f ir s t  £&- jsostgui^isento w ith  to la  tosirwttcnt 
showed that too lower e^pHiiarr toto was osmatof too-mold '• 
r e s t r ic t io n *  T h is  w s :.s^p toesd b j  a n o th e r fe s p lU J U ry  
W shaped tube* which ©XXoi#& & sot of readings to' to  © ta llied  
■to a-©csr?eaicnt tia a  w ithout-allow ing o sc illa tion s' 
o a u s s . .d if f ic u lty  to  ta k in g  re a d in g s *' ;-,., V  -•.?
n fA Q *  o f  c  c n r u o i  n o  to n  u rs rx in c iH #
’ fofc **.. camcnatog fto research reference was n, t-o . . .... 
to espertoeists ..with water*’..and iherfollowtog
calculations «®r© y dw* ; -.■•- ■.:.... .,..... ; .. , \ ..
For-;eteilar eoudltiera of' flow- ..between. air and water.
% %  %  y i
mm ■ w-i fmww ^ i o fm w  »
■'■ "& la «  0 t  p ip e *
■toiasStf- o f  a t e r  
' ir is  « f  w iite r*
%
vet*. of, air* 
dia* of air 
d e n s i t y  o f ; «
; ¥ iS Q O S ity  # £
v ir - e #  a t  SO w h ic h  i s  a p p r o x i i im t o i j  t t m  t e r ^ r & t v r
o f  t t o  X & t K ^ t o r r *
■*© I is t o
w a t e r
'#
#
*  * ■
' t %
&  " . d *  o r
£
3 'SL*
, i^ ree*- for similar of f l m #  .the
r £ f ir ,1a. the gives experiemsnfc. sfemiM. .te tl»>*9 ilises .-/-,■
ttm veloeitsf vliito Pr*OiMsa msel i m  mter. in pipes'
>
feaviBg directors of-I^  end i inches*; ■ Ihv0 ifescm range 
in the grilles* pipes was li^ il to feet per. uteotit* ,,
Sckss pffilialBsry fc«stg were pefffom ed with the mtf&en 
expansion jo  to t the f&o a ir  pipes# is  mmmAmrn-
s  ■
thm general h€harlonr- of the  spp&reiosu. fo r  th is  te s t 
the f i t o t  Thhe was -placed a t esaaasetioa ,ls #2» fto  ;
':i ■ .
tmtm? \*s& started 'lag* s te a d ily  w h ite  ilia  C h a tte r wag closed* 
The shs& ter was them p ir fc ita lte  opened# & -maot Ion
o f s ir  the pips* The cjs»«st©s?s tfees to ile rte d  th a t
tint- s ta t ic  pressure tos ls te  th e  p ip#  was M ®  t to V  o u ts id e * '
Mm  F ito t  fate® re g is te re d  the im teo ity  ic rd  a t the mlMX© '
o f the t a l l e r  pip©*, the screws o f the ate ups ware
*
M jm s te l to  da i^ i ou t the  c sc liX a tie m  in- i t m mmmmimmB 
a fte r  which the pwssnres a t I *  4 *  ©*. ?.# & wore i^ o r t a l*
The shatter wm  thenw lfM rew a sc es to  indicate th e  
r r g r lto l®  o f the reedlrgs to. the- case o f n&xfmst flow * "The
m ria tlo fis  -of s ta tic  pressure wore sw p ris to c* sc the ito fx r  
tts&cs wore roeanected to tw oe ii Wm- mmlmrn. pressure to te s  to  ■ 
re r ify  the re^diags whioh eere.pecori©4» The soeard, 
te s ta  confto&@& t.ta re m its  o f the firs t- test*, to  was il^ a  
dee! to t to  increase  the  rtim te r ©f s ta t ic  prosatwa tastes 
fcy two#" i* « *  in t e r s  S and S wore in tre to o e d * Mm te s t 
wm  repeated#, re r if f to g  the w ariatioa of s ta tic  pressure* ■
I t  wms ©Mawed th a t th e re  was a. ■ eons M creh le Im re  as a o f . 
pressure a long tho  terg# p ipe  towards th e  fan*
The m r ia tte n  o f v e lo c ity  across th e  d laraeter o f the  
p ipe was then  Mm s ta t ic  pressures al©lag t he
too pipes %rre recorded# the P ilo t  Tute t t  *te te :* a t p o s itio n  
g* . The v e lo c ity  hoods a t  in te rn a ls  o f  § am in ch  .across .

- j f c H y  *&*  •Ts*r-!w<- «f A $ p & J f c J 5$ $  %  U & z S $ : j g M g m J k  Z f * & % $ $ ■ *  & ..H J I,  W A 4V  ^ s f o ^ e * .
to t**i tow'limit of tiaa 7^ i»e& Remoter pip® v m  ofesurwd 
'to  be 'nans t te r i i s  tls# nppei* b a lf *  ■: , f e l t  ragpsstsd  a
istar w l^atloa to ill®' npfs©«t of' tt# .motor; *tog to ftootos** , 
t lo a  o f w itag® * ' 11® te s t mm ftio H t r t  tobo
tetog  mTod itt tfc^ opposite ddrtoMosi to eoofim tto: 
f i r s t  re s u lt,/ \.//S:i# t* 3 empires oo i ei^ed
shoeing ttofc spaed fto0tn&fcio&. m m  :.r*ot im possib le fo? the . ■ 
’shape o f the grapli* - Tkdm g m jii in  draws on tlw  ooeompaiv- 
pag#* v. ,:
Itiil# the. guV? % expansion- plat# was: to position* th# 
iso? Ia tto  of t l i i  s ta tie  pressure t i#  dtoi-seiei? of t e
pipo v.as O M to i* ,  leadines w tre tsfesii a t ' %ho to p * . 
rilddla ?sd bottom of tfes ftp © * positions 6# %  7. «ssd
1# t lrn m  w&m as fo ile rs *  . . .
.Pressure i s  Inches o f waisi* 
Position go*, fop* Centra* • Bottom*
.6* . ' B*G fi*§  § * S S
,' ,- ■, ..-, ,s*a . ... ;. £*0 . S * §
7  k 4 *S S  •
* . a ■ 4.1S ■: :; 4*1 ■ , -€ J 3
V  waa observed f t & t  t*«* pressto?e to- the oonm m  
o f t xo sadden expansion t cts less ?1 ,n  th a t to  the #Bd ' o f
tb@ small pipe' raar the © jp a s ii®  Joist*, ■ An to w s llg a tta a  
o f I M i  tm tteF was postponed t n t l l  the lanowo c lis trilm tio s  
■of u s to e iij across the diai-ieiar of %lm pipo was .readied* ■
- ito' f i r s t  attempt to  oar root -this wmmm. dtofcPltmties. 
o f w lo e ito  was tsy CTOotirg a light p a r t it io n  sbcrw th o  
ec&toal moutli-pieoe.* fMs * ^ir# m slight topreWMisai is.
w ith
S / A M  ET
D  E  5 1  O N
II -  30  T O  H O R I Z O N T A L
3  L / \ N T I N 5  
U T U B R S
I INCH
W O O D E N  U  ~ V U  3 E
U  T U B E  H O L D E R
%amrmo.Tr%* i* o stots: wero n on fixed to atlsmttog 
..p o e itlo B  muI another te s t was conducted*.. , « w  
mmtetg Urn u r^is-tim of the 'velocity < mrm n. ttm  €immtm , 
of.the pip® ,sti»0€ a Bore swm distoftatloa of Telocity*
..;. ...fhea© result# in d ica te d  th a t $mm strong s tre a m , 
of mtr wem tp&mMMBg to approxtoatolj wrtical 
in to  the  mmtfipim®  in flu e n c in g  th e  f l a t  to  the  s®mH' 
p ipe* . Two to s te  were than w rta e ie d *  w  w ith  toe 
door to position art the ©iMr-with the door m&mmM*
In  « t& oas# the set of slats wore to position*', toe 
wloaitf eumues were. corfirred art it wma eomtotod that the 
s liou to  ho pom sm xitX t rtmwi, •
, I t  was. suggest&X th a t i f  the ©xperteents tw §  r#»- 
. s ir io te d  to e o r t lt ic a c  of flor t t o itor to  those w h ich ..
. Pr* Gibson used fm* rates** ths difficulties rtrartj' •'
- experienced would mot appear* to© re q u ire d  range 
o f um n  -v e lo c itie s  o f  flo r?  would ho from  15 to  70 fm%  
p e r second.*,-- ■' ■'^ fM © -w m ild 'tow o lim  a wastoasi l i t  a t tube 
': read ing o f .1*2 inches o f w a te r* ©M e noma s e n s itiv e  
method o f re co rd in g  s & a ll w lo e lf f to  crds would he retired* 
fu r io u s  m tto d  s o f readtug sm a ll pressures ware - 
-oxafainad* a r t  I t  was decided to  u t i l is e  the s la n tin g  W 
ftfoe  method* ‘ to e  eke to ll i l lu s t r a te s  IM  srre iip iijiem t
; o f th e  0 |s tc s  o f s to a tin g  II . t u  **©©>' w hich  mm  totoodtsc&d**'
. th e  s o r t ie s ! rnaom etors were re ta ine d #  a r t  i t  was euS^;.
; moaassarf to Interchange the om m ot& om  to  transfer. from- ■ 
t ? v e r t ic a l to  t to  s la n tin g  W fu to s*,:. to o ; s to r t in g  ' 
nonorrrtors were se t a t mm ragl®  o f  l i e  ^  to  the  .. 
.to rto c m ta i to  .give a m afpdf le a f lorn o f f> to  1 to  the 
read ings* • " . lit#  sesles used in d ica te d  toads o f todh.es.-
/ /
0  h o l e s  
P A R ~ T S
I N  A L L  
O F  R E  S T R I C T /  O N
E X T E R I O R  R E S  T R I  C T I O N
fu rth e r e ffo rts  wero .mad® h m o m r to- m rm o t  tta- 
xmn d is trib u tio n  o f r^losifcf,, #o th a t m flit rcxg® fo r
the a s p irin e rt could cMatoed* , ;fo aoao i^ lis li M i  
the in te r io r  re s tr ic tio n  sketched was placed .in t to  moutlx*- 
piec# of'
.■ two i t  s is  w ort performed to  z\,m  Vm m rto ticm  of" 
r§leottf morois * 1 ^  diameter of tto toiler pip#, an# 
set of pressures feeing recorded to each case* &o second 
te s t ras performed w ith  a head o f epfresfcstely  toeket 
o f water# to  ib is  ’ e ^ a ria a s t the sloping &sssei^ t®i?& wmm 
weed fo r re io rd ir f  th * pressure a id  w lo c if f  heads*.. Uiim. 
re s tr ic tio n  fe p re w i the d S st& b sllan  of. m & m & tf mmom. 
th® diameter of the smaller pice* tot It was not omsMered 
vXvS t  XeksCt rcsnlfc produced was fto  boat e h ta im tl# *
:: ■; ;/: _ m m m m  o t t o -  ; .
Jk conical restriction ms fitted to. the mouthpitoo 
promoting outsMo the latter* U s  restrict torn, tod tfe# 
sera fctemions as tte exterior restriction, .mn i i »  
to  Idie sketch* ' tn  th is  ease the ^ r b ie o l H" ?u#e$ were 
u t i l is e d  to  d e te m i/e  the v e lo c it ie s  when the  rmehtB© 
was running at its maxtoim output* fte sl&x&lgg 
mBc&soters were utilised to rocard tho head® when tfe®
- ^sfuJtasa head was about I f  '.inches# v I t  * rs f in a lly  .
cludsd that tlio nost imifck® reXocltf" was .©bfritoed
-w ith  the- e^tsrior-reatxdotlen  attached to  tho rmxthpieee*
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m n static ptoss^ kb im vm. owx&tts 
m  a m m m  m .
I t  hm  1mm, mn$tt®m& th a t t l m s ta t lo  pPM Suo 
to  the om asM  o f a suO&m expansion is  mfe the s m  as 
th a t in  the  end o f the  sm a lle r p ipe* In  the t i m l  th e m jr 
those two pressures are ceigr&OBto assumed to  ha 
I t  mm decided to  p t f m  «n os&eri&ent to  determ ine 
the nature o f th is  s& rl& tio n * A connect toe  ^  made 
to  the sudden expansion p la te  a t s d is tance  o f 5 Inches 
from  the  simf&es o f the s s & lto r pip©* ' fts is  cannM tlon  
m s  used to  dstem toe  the s ta t ic  ppeasaspe a t this p o in t*R H |S
m
to  t i i ia  experim ent i t  was decided to  p lo t the 
re la tle s s M p  isMrotMt Wm d iffe re n c e  o f pmmwm mM the  
mBKiimm o f flo w * S hi mmm w e la c lty  o f flo w
was n o t re q u ire d * so th e  f i t o t  M ho was fix e d  to  t ie  
m iddle p o in t o f i t s  tMHNtiU A l l  readings o f s ta t ic  
pressures were re g is te re d * the poseur©  a t the p o in t m  
the interior m m fm o of the expansion denoted hy *<&>** 
h s ifig  Included to  each case* ffeo d iffe re n c e  o f pmmm®*® 
tNrtmosi 4 ami (a ) was ca lcu la te d  fo r  each v e lo c ity *  
the  graph m fl&em d t e s t  her/ the pressure d iffe re n c e  
m rle s  wi.Hi t t»  maxtasm w lo c I% *
th is  experim ent fa ig iit have hem  repeated tm  
wm m m  p o s itio n s  o f the  connection* and a se rie s  -o f '
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thm S l i  mot. i*©qatpo an-'■;
o f ..the ;wEi*iatioa tire rtc fcis pressure mm* 
the mmtmm  of s i i ^ l i a  t i p a i l m  plate, . '
w l d . n . t^ rc r r tt  iom  v've '©mi# It  mm 4neM#d 
to perform tesla to- -emamto# ' the variation «£\ velocity across 
the die * te r  o f the larg e 'p ip e* The f i t o t  fnha ws# f i^ d  
a t comvGolict 1©,®* g iving t l  e enclosed t i l l s  o f  vau lts .. frost 
t i i  ft g r ph w #  dream* The graph in d ic a te d  mm m m m  - 
d fe to lto tle n  ©f v e lo c ity  In  the large pipe*
& slm ilm r ta f t  tms ttom co^iimotod m itli tto . f i t o t  
foh© fixed  .at connection *?* f£he es&erior eossAoal 
resfarletion mas to p i 1m the mouthpiece* to t  the. to le e it fy  
©£ the s ir  was mot evenly d is tr ito te d  across- * le  diam eter 
Of tlsm pip#* The m m isui head a t f : t&e Icca .than a t  € 
to n  to  expansion o f  the- aim ato«®ias.,
’ A ‘ cardhomrd m m m  wm  then  pXmemci ©wn m porti.on of 
"the- re s tr ic tio n  to  reduce the- e ffe c t o f ifea -iowm temsipit 
from tto space fitoro the: appmmmtos,. ’■ - tto eisyve lisS&e&ted 
‘ hy a dotted lim a wsjr dmam Illu s tra t in g  the ..e ffect o f t lila  
©Itomticm, v. ■ The effect of. this i®?«. vary imtlcftotosy#..
■so i t  mis .dec5 1ed to  te s t t! c -resist w ith  a lost 'v e lo c ity  
■of .£ !« # . The second te s t concerned the f ir s ts  axaf . i t  .
*■■ V them t.seerse& p ro fita b le  to  asaMma distribution. o f .
v e lo c ity  'across the d im e  tom a f the- plp^ a t .connection 8 ,
. . . .  *  ■ * ' •'*
' \  A' s im ila r .'test v m  parfosmed claims a mmEisim'tead o f s tm t-
' in a li,y  ' T M i indicated th a t tlie aim %as flartm g past 
. eoax&atXoa Ho,8« imdcm mppmoxiiiiato^'no^ml ec litiomm,.
■A re.vie$f-©f the preceding series ©f expertaemto 
was isEda ito rtiig  tlm t'-the heat expertocntsl ©©ssditloms
a t :'e ea.iioal eoaniteMm#/ with- to a n lw ie ii having ts  afigle- 
of of tsf0*. V 'V
v ;''7 ',;:-'- ;' :' ' ■:’®J dtc::rr cas jrc?xo$t+- - /
H b  f i t o i ” tube was pl&oed a t p o s itio n  le *2 ##;' fo r  
a l l  tfcf fo lia flrag  «, to accurate d tte rs iim ita i
of" it?® a ta ti#  pressures a t presswo tubes 1 ami 4. ware- 
r#cptr% 4# from  t t i lc i i  tb s  losses o f e re rg f -due to . ^ lp e  . 
f r le t i0 S w were- c a lc u la te !*  ■ ; . .
...fhe fCl° eaom oti(m  I t i  a length of 18% i i i  ■ 
Stssc# .X to d is is e to r from  ?§** to- 3$'** i f  &
represents the angle o f  d ivergence o f the  c o »
fam - ' «;■■■ » *7X csr , t 4 2  i-law *******#*. * w* r • • •
8 . 3B
#
#• •*
, xrence angla # f; co o a *  r^rre«*s«. :
- fto  S f^ ° . ooujm otion  was b o lte d  U .t O^a tb s ’ two-' ■ 
pipes# l ie  t/asbers being in se rte d  between :be too flanges* 
lb  .^ s  dee i& o l to  ’ osttoat®  the  mean v e lo c ity  by f i r s t  
O b ta in ing  the q u a n tity  o f  « i r  f l y i n g  i lm  ugh the  
apparatus* In  Pr# 3* * 3 f& nton;% .boc&^ e n t it le d  .**^te tX on%  
a g ra |ii is" g iven  a lw ir ig  th e  v a r ia tio n  o f w lo e ity  across 
t l   ^ d iam eter o f a pips-, through w h ltih  m f lu id  is  f le e in g *  
f m i  th is  urepfe too  w e n  v e lo c ity  o f flo w  m ight have :
recorded* SUIs i&tfcod would tove 1mm w r ^  simple* tot • 
the ©s^ jor£men.i&X conditions :aad JAa imriationa .p ^ tsw #  
would 1 &vo caused serious tH*®®,’ tto taethod adapted 
teg "by calculating the velocity at intoywig it § • wn teeti 
across. ■ t to -diassotcr of the plp©^ - : fo r
ele&entor? rings* TniB gave tfco to ta l f to r  from tfalcli 
the i&sst velocity tms easily 'c&Xculated* '" ; :>;:. -^'v;v :
■'-- -'- Tm  es& e rio r com and c& rtto a rd  cover 
in  position  during the series o f eaqsertoents# w hile tlx# 
door tlx ie lx wag mentioned was • perm anently restored*
A fte r  s ta r t in g  the m otor i to  s to t te r  was s i t h -  
drasm ta ilo r in g  t to  mx&mm i%m of a ir  through ttio  apparatus 
th& Pi to t to to  \ so fi&ed a t its  highest p o s itio n , denoted 
by ? inches In th e  tr& la  o f re s u lts » I f  to r a short
in te rv a l the i i f o t  2Uto reading 1 n Inetoo o f water wai: 
recorded# Ike  darters on th e  pressure tubes wore 
ad justed* a f te r  which th e  .readings were recorded* f t o  
f i t o t  Cato w?^ s then laye red  £  in ch  to  C% inches* a f te r  
ir t io l i the v e lo c ity  head was ree e rd e il*v : '" , Sy low e rin g  th e  
in s  t o r  ^  r another in c li to  6 in s to c , a fu r th e r  v e lo c ity  - 
head was obtained# *The stable pressuret a t i  end 4 
wore registered eoraespo^iing to alternate Pivot futo 
readings* S&ia allowed evera'ss of 8 reading to to
ca lcu la te d  to  f in d  1 t o . value o f t to  f r ic t io n  le s t  in  th e  '. 
e a r lie r  l ip o * . ;. - — "
/• Mter the co lla tion  of tto first test# few  other 
tost** were per for nod with different tomdo to give a wide 
rango for the «pcrixent*- ■ In certain eases the static  
pressures were varied•■ during the experiment, tot no 
e^lam tlou et'tto time could to offered for tfcig*
psx f  f f f j  ft QTt ^  O F *
f.^’pf ^y*'* '“r*? T^'tp yg'-.© j',’^
'• '■•. From tlio table of results flailed the m m i values 
•Of the static pressures at 1 and 4 were cdeuXatod* ftso . 
xsoan friction heed was d&t&r&tr&l frai tiieso readings*
A ta M i o f v e lo c itie s  was then repaired to  p lo t theffvelec£ty
.iplMl dleaetera^  curve*
I f  V represents v e lo c ity  in  fo o t per second 
toad * ■ * -
V® m - \ V  m j  B g 1 =4
".. I *  lx inches o f watsqe; -®J:\ x ©2*4
- 3LH . - M
1L> tLvX of sir*
■ , v .  r&ero ''tr i s  density  of d r  in  Ibs/cuMO foot* - ‘r:' : ;- ;
Since the  moan tcr^crntusre o f  -tbo laborato ry  was SS^W 
aad the to^ roetrla tms £3#0 l**dxs of' sermsryt.
w ■ * ■ 3L* ■»"" ■'-r" ^  £8x13*6 X €2*i
W; . £vf ■ fed % Hod
or
Penalty o f a i r  w «* &*o?bl lb s / CfcMot fo o t*
r^.
A r t , p re fe rs  * *  ©.03 / * i x  63*4
1H * w# S.4!
Here® ,: ■ v  » ■" •©0*0 : I Fi -
In  th is  Cw.e l i  is  «’ * v e lo c ity  to n ! reading given is  
the experiment*
Stnoo fc&e t l m  in  *m s i r  c ft& n ro i. ■«»■ jse&n vexocissr x  |■. . ' ■■ .■ >t . . ... _ " , |
area, tfco fX m  fo r  eaolt'e leeentaj?^ r to s  of iLG.cioas |
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On a cC areas of etoaton lines were tes»n at thm® 
points* .  ^ !Tho welocfttot for-1tern m rm BpaM in^ radii 
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Frora t h e  a b o v e  f r n M a  i t  m s  c b se r v & d  t l m t  t l i #  p a p B ' j  
connoting, v * »M ifie lost thmild'fet'a straight Itoe* j
j-  *2* ■ ■ - ■ • -  •■* ■
IMs gpsg&t rss plotted to worliy tics ft&ow&ey of ifer worlt* 1
f* f •'j’fv * nyfff * r rpr^* T.f;n' 0"? Tw‘*
i.^ i ^ r ^ w w i ia wtm^ar  .1 ■*fe.ia.»*w#.itwnttii^wiiwawiiBciiiff.^ ac w tm w h *! iwrrfTttmtf'
- . * 0  ..:■ at tte frto Oor^ cetlon*
. toe 1 m s of head duo t© pipe friction wag proportional 
to Ffce length of tli# pips* ; fh^ r^ foreg Frietira loss to 7§® 
diaisetor pips «*• .
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«• ■ flJiffsreRee ©f pressures-. 1 «sJ 4 ) x 
" ' 85.8*
I f  the  f r ic t io n  lo s s , fa r  28*1* mi i l ia w to r  pi*'©
©Quels s&7 1?# tto n  t$*o f r ic t io n  lo s s too. If 11 €issmt@r
pip# fo r  r*V7 to toos o f i t s  bs t% on cs
f'vr.
Btoe# IM s  u?aiw is  m tr& tm lj  essaXX «®y e rro rs  000  w r in g  
in  tL - t it r r o  c o a s rp tte i nr© negXiglfeXo* f lio  constant 
obta ined fo r  ctonging. f r ic t io n  losses to  toe&es o f  m te r  
to  fe e t fee&& o f s i r  fo r  t t o  $ taXl p ip o  Fas m ilt  ip  i i M  $$r . 
1*003 to  gtoo fefco to ta l losses 4ue to  p ipe  f r io t f& a *  %  ' -■ ■
c liro c t ic u lt ip lic a tio a *  ; ■"■'•■_
• Tcb f r ic t io n  lo ss  wmm from  to ta l
e n o rc f lo s s  Im'-mson 1 «md 0* to  gtoo "Iao lo ts  o f  ©noror 
.to  th o  em s&ctlan# F r ic t io n  oceiarrtog a t  il l#  r a i ls  o f ' 
to© es^smsioa J o in t mm iB o lu d o i in  feto e^fcaaolaa lo s s *
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Tim m  mstiltg; wmm m& meimLtm  irf. It mm tmmmrn.my 
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mmm m m  tbm ¥*mtx*toti<m mm& vrried tm if#enpe 9m  em&t 
even & tst3& lm ttoa  mi mmmm mm rnmmimw- ^mm$MM-*
1 t r o i tests »#» ©©ato&tod #1410 the i m  w m  gtrtag its 
m s to f t f t  & fs$h& $ ig»«  f l i «  re a d in g s  n »  to o o i*# ® ! m im m  
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■While reposting the wsrfe 8 g #f me stotto
.pms^oase «4 m m m ^ t m  8 wc. reeordM for m m i  test*. I 
e ta ito r  i§#t of sarara t aksan si kiI  t i i  rem ilta
ca lcu la te d  to  tin t sgM  .setm&e* a ©  cassversion |fe§t#f- 
»<pto©«l t#  toehea o f a tw  to  to  fe e t
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Since tli© discrepancy between.. the re su lt a was s t i l l
qu ite  large a. tes t mm eondtz&ted w ith mnoiseteYS eesmeoted. j j
-.tetween. pressure ttSsas 1  and 4 a l-s e  1 aad fir ;..- Glass, 7 ■ j j
''-connections: .were-inserted In  the rubber tubes fo r. th is  :. J'j
. ; purpose# : : .Hi# m s a lto f  tM s  te s t could not. bo re lie d  -  j
m ■'.'■■ . j
upon as being mc»?o ;aeewrato'. than, previous.. tes ts  because' |
the- s ta tic  pressures were-not recorded*- . ;: I t  was hot
■ possible to  state-whether th e  speed o f the fan a lte re d  o r not. : .1
• This .test gave.the. va lu e .o f the loss of.energgr a t the ■,=.■ v-.v-^v ' ': |
"83-|0 pipe# as 3 0 .3 ^ .o f , : { v , , : vls.)S . fee t  head o f a ir *  ■. • h
- . . . ' /  jfc?  \ _  ■ ' ~ ‘ ;
\  m  w i.1 an ju i^ h  mu1mm»a *  mw i, an w .v  w n w ^ c
A fte r examining the resu lts  obtained b^\ h r, Gibsom in  , ;
h is  research 'em water flow ing iteotigli eonneotions* . tapered i
■ ' pipes having- the fo llow ing angles o f divergence were considered j]
- . •■ -■.... - . - ; | 
'su itab le  fo r th ©  e^cperim eat.: v  . . jj
180°r :: 120°* . C5°, 35°, 23§°# 1 5 °, and 5® :!
&  : . ; - . . . : ;  ■. ■ . .... .... , , ,  : . . . .  - . : |
Hie development o f een^s having' these angles were marked 11 
tm t on sheet steel#' a 'suitable- overlap being allowed in  each 
: ease fo r  Joints., \  Hi© actual angle o f th e  eone was'determined ; 
from measurements taken a fte r  the construct ion o f the eoimeetion.
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conr^ etdjt to tiia apparatus la ‘place of iSio &&40. pip#*
4 scries of five tests were pertorued stolX&r to the 
previous starlet* U:o FI lot tohe reaatolng at position
■ , - / Ho velocity Le&to totc registered at totervala ;..;:. v..
#f; |  Incfa across t lia i- ilm o to *  Mid aXte*raat© readings.,. . , _;. 
were obtained of tte static* pitiirareB at l f 4 mwt 1*... =
Tic toi^pomti^o o f■ til#  l©^ox*ato^7 v.as £2+5 00 f l i l l i . .  . 
the tercsrjotor registered £0#£7 inches of m e re ly .
In  te s t fa) tli# pleasure a t 1 m iatsod constant , ■,
4 dacreaaed, au&patlrig toere&so to M m  . -
Iocs* In  tes t fh | a l l  tho s ta tic  pressures wcre- rooo*^©€ 
t a w r i f ^  tM s  n a tte r*
, The cover p&s retaoved £rori themoutliplGca f o r ;  -(b)
. tat t&era was still a variation In the s ta tic  p^ ssu»- - 
a t 4* -; ; . 'fli« ocLor three tmt& mm completed a s l t!i# 
nsaa v e lo c itie s  o f fXo*» to  tli# ct.^ 22 pipe were dotarfstood : 
graph ically* ■ ,  . . : -
flio density 'of air w
given t>?
o r w «► 0*©?31 lb s  par omM# fo o t #
The velocity v * ft* per second*'
: |li — f l to t  Tuba, reading to  inches* J;
imlocltXes jS friction lotus of fir^  » v *  f
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l  considerable attorn of ttxa ret* **to wms cfemfidl 
m_ i t  m ff/a e e id id  to  p e rfo rs i Bm psrX m nM :\^M m  f fc le t io i 
heed botweexv X v*a l 4 , aM: Iho d iffe re n c e  o f  iito M c  p®*ossttro 
t o t  wt«si 1 and £# d ire c t ly *  to e  s ta t ic  prcsst&oa and 
1 end 8 were ree-cr&od todmperilmrd;lo% • ....';• l i f f ic u i t im s  tom 
to  f i l i a t i o n  occurred* licwewer* which. *.<r^ tn g  fa ile d  to  
oXtotnnt©* w ith o u t oaustog e rro rs  to . tho.rcc&SnfP* ,:-,fMs- 
iim tto i o f w e r lfs r lr r  tom experim enta l w ork r o r  t o t  mscecscfu:
t vr yt y tor a c " t*v* r \ *
^ ?l. r  , v ^ r , ,v v . ^ 7;. OT?
A ecm raetioa having, a. lorsgfch o f XZq  inches g to to g  an 
angle  o f dliroroonso o f SX° wus then connected to  th e . apparatus*
to  r e c t i f y  toe e ffe c ts  o f flu c tu a tio n s  o f gpmed the  fte t tm r  
was 0OTC& during  t* to  p e riod  o f to o t*  The c lra tte r was 
M Justed  to  keep t*  i  s ta t ic  pros ra re  a t connection. 1 cona ta u t * 
'Wlys . te s ta  were perform ed from  w hich the id b lo s  
■enclosed were* c o n p lta t* .: ■
,.' S im a  tins to rrip c ra tii»  was £S% * end toe  
to lg h t. was 5 0 , inches o f moroury*
Iieoa in memos or misw # 
lo  foUor&isg a*'salts wro- Qbt&lb&S
raean velocity v# fepmsiw tm m  as jS of
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v p lp e i* Si« ftor<5S ‘ Jalnt-s mcr# b topped %i*l  p a t t f  t#  
p&m m ^  a ir  levies m m sm ijm *
’ 1m tbs tost (a) it  tos c^sorwd fctafc tlis fttotto 
pressures n t  4. and §  im ried# tm t bo s*c»soa ems&d twi g%wm 
for tlsls*' Stee# tte- mtm mi -ibs iafecratory sm&
to° § and tte  terasotor resistors# £0#£5 tmtea of 
f  o dv. ^ x liy  « f  a i r  if ♦  ©*#?S§ IM *  f© r foor*
Santa v e lo c ity  if *■» l^ * f  .^ [h  f t psr sna#
rs  ti. m toad  to imelms of mtor^ .
ffe# f©Hiiftog mmm tbs rastitog obtained*
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duping tfen crporlsmt mm MM m& the MmmtmMm iielg&l was so* |;
£0 ilgfcil of ; ;
Hi® .fteife txm  tests t era- p&r£&m®& witti ^rt^aa-toa4s# !
the Pitot Sft&e uamrinc cto^ irrdi? ia meh. mm*, fliis fetttewonfc !
fias wed traa  tt*o bottom to the top of tto smsll pSpo HxmMg f
tfesr ©ixtli' test#: to tariff tlie readings* -
.-..■ ■' • . . . . ■ ■ • ■  - ’ ■ ■ ■ . - i
"The dv»sity of rlr ms O*07OO lbs* p? ca*fMG&*
ratiorefoawi wloei% ' «.■ §8*i .per roc* ' ;!
 ^ ~ ■ " \ '■' Pltot teSbo I'OtdKj In
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£ ^ 2 ^ 1 ^ _ g ^ . . - g r  c ^ - ^ i  t« ~ .  ,;
roan of . ; . ■ Kscponsion M m  ~ g
t tm  tn 7$* dimeter pipe • m  a £ of <t* *
' ■ ■▼, f t .  sea. —..&,. '
■ , A - eg  f fe .M . |
■' A .r i t h forcing- sM  ezgle o f ISO
was 0 0 1  crated in. t to  apptraius#, A fte r the jo in ts  wet*® 
stopped ,.Xfch potty  t i m  tests were f^rfonaod*. In  tSus $M r&  
te s t fcto P ltc t TOadir^s wore d r i f t e d  tsy refersirig , tlio:- 
of t iw e l  o f ilia  instrasont,
- H it&o tl?>o t  aerates*©  was £2 G* ami tto  steiasp&cre a; 
p>essts*o was SO.H& incites o f nerew ^#:
, Density otf a ir  w & 0,0700 l& s*prr es&le f t ,
V© losity * €-3,8 A/ t i # ;
t  ". -/ CM ** P itc * *Tut>a reading
t  - t  . -i; in  Inches)
l!oon ire lo e ity
o f flo u r i n fe e t per
Expsmslem loon as percentage 
of (v-* « ft,M«
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Tm  f l a t  pls&o ta s  f it te d  &a*vocn Hi# two pip®# fort&rs * i \ 
m* 3 Ituwin^  tm &rg£® o f dtoerc^ia®# ©f.'lBCJ9* _  :
f®st^ wof0  eoo&ueted during wMtili t ia  men t u s p f i^ i f t  
uos 21°£* tbs atciospherle pzmmm C%1 in s is t o f  msyesay* | 
Density o f «&*#■ v;,m P* 'Xbm*pG&' wtetv  ft* ' 
lionet Valocit^  Wm €?*&,.. > /£ «  f r e t  ;
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Instead of colsmlattEg tfeo averse® wains, of the energy lo s s ' 
for each connection, a graph t es t e n  on which was plotted :!
' ■ M
nil ilie giveu vnlmm for ecaih emneetion* Tim gropls wm • ■
r^tod to degrees h&rXzmttJLtp fd) poreontr^ m of ite r
estlm ted lost'&t $ sudden espocslon wrtieaH^* Trs dotted 
lin e s  were t lm  t e n  in lie a tin g  t !  ^ mm$mm ra t. *4 rto n ;i v s to a i • 
of tie €im?a !o~su frt e\ * ito&e **•*» ltr.it t & suit* io etsew 
was dmsm to ,i?ep*©?g@&t tte rutot toisMp testmmn ttt#
Xoxii end the angle of divergence of the #©n@#
eosxsorelal tilibto tliesa Xirlta*. a fsmiiiXawas
itor-Xm l re p ro so n ito s  th is  p o rtio n  o f fcfco g ro ifu
’ If; 0  «.: Anglo o f dtoercono® o f cm nectloa ,. -
to  degrees
fc' ' *  tto fa s te r  gtirtog &n© p ® T $ ® n t& g * ir to ?  o f
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,a:. " la  attem pt tms ng*&o to  tfo tem toe  the  al£cu$*£iie&i: 
expression-- fet* '.tlia given jjrap l*. o f seloetod TO1&88
were plotuOd m l th re e  sp p ro x to a fo l’/  strslfifct lin e s  vcr© 
■ tte & rto d ^  c tr r i^ jL t  Mjse.g ;« r® : ^r®wa
ike points end ** foraulss mrre derived to  the fo ra
2T «f ax -+• te# ■ .., ;
Pros ttc&o thro© e4gu3.tiar.& £& agression  fm J res  : 
obtained which w&s o f l i t  t la  or r:0 p ra c tic a l stso# . 
i t  WHS too oonplioaiod to  bo u tilis e d  by m  engineer* Also* 
tfco o ^ o rto s a ta l rosulfca d id  not- J u s tify  the jTesontetlon  
o f a e x p lic a te d  ostfccm tlcaX  oxp.rossion* A fte r several
attempts to  fin d  a mxttshl® ^ x p m m tm  fo r tbo onrto .fa iled * 
I t  to s  dee icte i to  te  inrrtxrt&gr o f  fu r th e r  labour*
■& d e c is io n  s in i la r  to  the  be. mmm by re fe rrto ,
to  the invogH fatioas o f FXIegrcr* . . '
- to the earlif part #f the expertoantal work* a te st. ■ 
t m® p c rfo ra a d  w h ich  dh<y;?©& t lm t  t t o  p re s s u re  to  ifce  c o rr& rs ' 
of a suddea expansion is Xesa iltsn that in fho edl of the 
trrll pip©* The curve feam# ciioc'ing the rcd&iiorxMp d 
l20lMe@«i' ” e d iffe re n t#  o f pressure and fis  tmMiisa im loo ity  
of flo t *&** of On eh&r&&t&? ©%p§ot@t# ■ Xhocssrratiout
guZl&n e ternal on jo fc t*  '; ;.t< |
■ ■ ; ' ■ .1 
Tfco final results of ttio reread?1 iaa& fcf ]
vcfsTrXx* to flta graph tl,■&*%&* all tpo values'of/.smrigf ■ ]
losses p lo tted  together. 51b d if f ic u lt !  creotr&erM. wfcoii j
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